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Abstract - In presence of halide ions the pyramidal type of growth on a (111) face 
changes to a layer type of growth. The outward rate of propagation of pyramids in 
pure solution at low current densities was 4.939 x 10 -s cm/sec and 5.865 x 10 -s 
cm/sec, at 2 and 5 mA/cm 2 respectively. In presence of halide ions the rate decreases. 
INTRODUCTION 
Pyramidal type of  growth is often observed on certain crystallograph- 
ic planes. Zeldovich I , Maxted, Dilke and Eley 2 , Pick et al. 3, Damjanovic 
et al. 4 , Seiter et al. s have not iced the format ion of  pyramids during the 
deposit ion process from pure solution. The symmetry  of the pyramids de- 
pends on the or ientat ion of  the substrate. The side faces of the pyramids 
generally correspond to high index planes and contain steps. The out- 
ward rate of pyramidal  growth will be normal ly constant during the dep- 
osition. The density of  the pyramids increases with the increase of  the 
current densities or overpotent ial  nd there will be a decrease in size as 
the current density is increased. The value of  the tan Q/log i curve for 
pyramids was drawn by Seiter, Fischer and Albert  s and they not iced 
that the values of the slope decrease with t e increase in the current den- 
sity. In the present study the rate of  growth of the pyramids in the octa- 
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hedral crystal (111) face of copper in pure solution of acid copper sul- 
phate and in presence of HCI, HBr and HI are studied. 
EXPERIMENTAL PROCEDURE 
The experimental procedure has been described in detail elsewhere a . 
An atomically smooth (111) face (checked by X-ray diffraction) of cop- 
per was prepared by electropolishing in an orthophosphoric acid bath 6 . 
The electrolytic bath of composition 0.25M CuSO4, 0.1M H 2 SO4 and 
known concentration of halide ions was prepared from purified copper 
sulphate crystals. The deposition of copper at agiven current density was 
carried out to a thickness of 3.6/~m. The surface appearance of the de- 
posit was examined under a metallurgical microscope at a magnification 
of 625X. A series of photomicrographs were taken and the average height 
of the pyramid was measured. 
RESULTS AND CONCLUSIONS 
Triangular pyramidal type of deposit was observed when copper was 
deposited on the (111) plane at 2 and 5 mA/cm 2 , from pure solution as 
noticed by earlier workersT, 8. It was noticed that the outward rate of 
propagation of the step was constant and was of the order of 4.939 x 10 "s 
cm/sec at 2 mA/cm 2 in pure solution (Fig. 1). 
When the concentration of HC1 was changed to 10 "x 0 tool/1 there 
was no significant change in the rate of propagation of pyramids. With 
the increase in concentration up to 10 -9 mol/l the rate of pyramid for- 
mation decreased to 4.311 x 10 "s cm/sec. At a concentration of 10 -7 
mol/1 the rate of pyramidal formation further decreased to 3.703 x 10 "s 
cm/sec. With further increase of concentration to 10 "s mol/1 the pyra- 
mids got truncated and layer type of growth was observed. 
At 5 mA/cm z the outward rate of propagation of triangular pyra- 
mids was of the order of 5.865 x 10 "s cm/sec in pure solution; when the 
concentration of chloride was increased to 10 "10 mol/l the growth rate 
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Fig. i - Triangular pyramidal type of  deposit was observed when copper was depos- 
ited on the (111) plane at 2 mA/cm 2. 
decreased to 4.939 x 10 "s cm/sec. With further increase of concentration 
of  10 -9 tool/1 the growth rate further decreased to 3.703 x 10 "s cm/sec. 
At a concentration of 10 -7 mol/1 the rate further educed to 1.468 x 10 "s 
cm/sec. At 10 -6 mol/I of HC1 the pyramids changed over to layers. 
The growth height rate of the pyramids at 2 mA/cm 2 was affected 
with the addition of bromide ions in the electrolytic bath. With the in- 
crease in concentration of bromide ions from concentr~tion f 10 -10 
Fig. 2 - Small triangular pyramids at 10 -7 mol/l of  bromide ions in the bath when 
copper was deposited on the (111) plane at 2 mA/cm 2. 
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molfl.to 10 "8 mol/1 the rate of growth in the height of pyramids was of 
the order of 4.311 x 10 "s cm/sec. At a concentration of 10 .7 mol/1 the 
growth rate further reduced to 3.703 x 10 "s cm/sec (Fig. 2). The pyra- 
mids changed over to layers at a concentration of 10 .6 mol]l of bromide 
ions. 
At 5 mA/cm 2 the growth rate was of the order of 4.939 x 10 "s 
cm/sec, 3.703 x 10 "s cm/sec, 2.462 x 10 "s cm/sec and 1.468 x 10 "s 
cm]sec at 10"!0, 10 -9 , 10 -8 and 10 -7 mol]l of HBr respectively. With 
further increase of concentration of bromide ions the pyramids com- 
pletely changed over to layer type of growth. 
In presence of iodide ions the rate of the growth at 2 mA/cm z in 
the height of the pyramids changed from 4.939 x 10 "s cm/sec to 4.311 x 
x 10 "s cm/sec with a concentration of 10 -x 0 and 10 -9 mol/1 of HI in the 
electrolytic bath respectively. At a concentration of 10 "s mol/1 of HI in 
the bath, the rate changed to 3.703 x 10 "s cm/sec. At still higher con- 
centration pyramids transformed into layers. 
At 5 mA/cm 2 the growth height rate of pyramids decreased from 
5.865 x 10 -s cm/sec to 3.703 x 10 "s cm/sec with the addition of 10 "10 
mol/1 of HI. At 10 -9 mol/1 of HI the rate further decreased to 3.079 x 
x 10 -s cm/sec. At still higher concentration the pyramids changed over 
to layer type of growth. The decrease in the growth height rate of the 
pyramids depended upon concentration of halide ions and current densi- 
ty. 
The overpotential t 2 and 5 mA/cm 2 in pure solution of the (111) 
plane decreases with time and attains a constant value. The trend of de- 
crease and attaining a steady state persists in presence of halide ions but 
the initial as well as final values of the overpotential re always lower 
than in pure solution at corresponding current densities. 
Triangular pyramids are observed when copper is deposited at 2 and 
5 mA/cm 2 on the (111) plane of copper from a pure solution. The over- 
potential value decreases on the (111) plane as the surface area increases. 
The increase in the surface area has been calculated by Damjanovic, Setty 
and Bockris 7 and the resulting equation is 
.0 
i = [(i - A)Ia 1 I ÷ Ail~kl] e "aF~7/RT 
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where A is the area of the newly formed face (hkl), i is the current densi- 
ty, i ° is the exchange current density, r/ is the overpotent ia l ,  0~ is the trans- 
sfer coeff ic ient and R, T and F have there usual meaning. 
In the presence of halide ions the initial and final values will be lower 
than in the pure solution, reveal that the apex and the newly formed faces 
first get adsorbed. The halide ions due to high molecular  polarisation may 
get strongly adsorbed and may catalyse the electrode process 9-~ 1 leading 
to low activation overpotent ia l  which in turn leads to a decrease in the in- 
itial and the final values of overpotent ia l  
Thus it could be concluded that the pyramids grow on the (111) 
plane by the screw dislocation mechanism of growth at a part icular ate. 
But in the presence of halide ions the rate is decreased ue to specific 
adsorpt ion as not iced by Bockris and Enyo 1 2 in the case of polycrystal-  
line copper.  
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